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(54) SIGMA-DELTA MODULATOR 

(57)Abstract: 

PURPOSE: To provide a digital Z-A modulator capable of processing a 
multi-channel signal or a multi-bit signal with less number of components, 
decreasing chip occupancy area and reducing the cost. 
CONSTITUTION: A counter 21 counts a clock signal CK. A multiplexer 22 
receives sequentially digital input data D1-Dn in plural bits in response to 
the output signal of the counter 21. A subtracter 23 subtracts quantized 
output data outputted fro an n-clock delay element 24 from input data. An 
adder 25 being a component of an integration device 29 together with an 
n-clock delay element 26. A quantizer 27 quantizes the output of the 
adder 25 and generates an output signal. A demultiplexer 28 outputs 
sequentially the output signal of the quantizer 27 in response to the 
output signal of the counter 21. 
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(57) 

[«tRX] *^>f 2 l«fP-^i'(S^CK**'5>h-r 
S. vjUf-^U*-* 2 2tt. #9>*2 1©H}#<1#K: 
(EOT. a«t^» KOfyjr^A^-f D l~Dn* 

2 4 J: 0 HtfJ 3 ft SSiMttftfjT 1 - $ £i£#T 

*iHJ»2 5tt^S2 3©Htfj4«a-r4. 
2 7 «:Jjnf?l§2 5©ffl^J«rfi^tOai^^**fiX-r 
S. f r -7JU5 L 7 , Ui'-t2 8«*-i;>$2 l ©m^jft#K 
fEDT. fi^tS2 7ffl^«#*)lIS^ffiA-r*. 




• JL 

m*m i ] -eft-enk e» h <k«3#Jb©fflS) 

fr<b&£n A (n«2«J:©SB&) <D?V>$)\s 
KCo D-C)«#K: A#f * A#£& i . 

6 a jiff a***r *»a#& t . 
<j<2 K mtcrmm ic&^-itLxmm^^ts. 

C©ST{t#S*6ffl^Sn*B?iaffi^fa#*n ?P 

HulBfi^- { b^®*> & Htt 3 ft i> m msi Attmc «t 
o r A* £ ftfcJBSfc n t > * ;uc tg 0 ftUX mtst 

[«5fcB2] 29 u f ^^©f^SoKf^fcl * + > 

c©»l©*»*««:«t*3*i. JII1©**#1W»6W 
c©m l ©SSi^StcStSSft. m 1 ©jSS#M^6ffl 

* 3 ft s ft atctneaaa a*ftnw sanguis £ . 
sa^tr-sa^b^a*. 

* 3 ft S (1^ f, RGI^I b^!3 <fc <0 m 3 ft Sfi#* 

#3 ft zmm mm lywsemmmm M*-r sis 2 ©a 
HBBs^b^SKftttsn. a^Hb^s^^a^sfts 

fi^* wT8BA*#«K J; o T A2> 3 titcMK. 2 ? * > * 

mcm*) mxmtmti^m t * jure ^ci^ 
ai-ras-Asaa. 

[if *S 3 ] ne»Kntt2 tLk©S8) ©7=^ * 
WW* i fl ( i tt2£t±©SS»t\ i < n ) tc^WO 
U C©^SD3ftfcf : ^*;Hi#«rL SB§J*>6JIS#{C 
A^TSA^Si. 

C©A*^StcS^3ft. A*#IW»6A*Snfcfy 

i»-'Hi#* i 6»afi-f * 1 1 t>K. * ♦ 'j -m 

i. 

co«»#aKS»3ft. a»#i8*>6ffi*3fts(i^ 



(2) ttffl¥6 - 1 3 9 0 6 

2 

*a^bi/a^(f^?:tos-rsa^{b^S£, 
c©a^Hb^g«:^3ft. a^Hb^fg^eatfjSft* 

HulSffl^fi^* il-P-; *a«8U Hieaa<I#£*E. 
«B*Hb*«(C«*l3ti. a^b^S*»6lll^3ftS 

? + *)UD?i>* 3 ft hWk<0 AJjmZG 

io u B?ieai^is«Hjiea^b#s^6ffl^3ftSB?f2 

ffl;fcfi#*WEAA*aK: J: -> XKtl 3 ft fcflWKttK 
*C i=S:^i(£-rSiS*^3fai£©I - A£fEg„ 

[|6W©»«i*SiW] 

[000 1 ] 

[£a±©ifW8#»] c©»9itt. «il«*-^-f*H 
SS^tcjiffl3ft, A*fi^*C©A*fi#«fcO*»«:?Sf 
^ja$&©fs^ftJ:oTsampiinqT£C££<i:*). 

s/n <a<H**Hftk) zmitz>t-'<-y->7<)> 

[0002] 

fi^tc^uw^b-rsJi^, ±^*xH©sffltc<t 
wftD/ASBftaof-v^y^yjuaaRf, b. 

ttttflMf . ©2. 2-2. 4«afltKKJ£3*irc> 

30 [o oo 3 ] cftct*tt/T. ia^r«^>-7' i ;>^jg^ 

mmS.iUVthi.'iK.btct-^— f>7V>>/1&D/ 
ASBSMS^BKISti. Hffl<b3ftri,^ 0 

-9->yy>y»D/A««w©s/N©**fas/N 
... at? h» inttzt. 

S/N... = (3/2) 2" ( f , /2 f. ) 
[0 00 4] X5-Z.ht\Z>. C©^6, D/A^feS 
©#&?&£ 1 t'f h±lf-5iS/N«6 dBK#3ft 
L*>L/. ■9->^';>* r «tt«t*2«tCLr4>S/N 
40 B3 dBOA^#3ft%^Ci*i^-2). 

< L&<rfcS/N*+»CC±lfS^*sa«BI|B3ft 

rt>s. *©*©— 3(cx-ASia*ft-3fcD/AS» 
8##>£. ^©fl^li urtt. ^©sm*J»i6ftrt>.5. 

IEEE J. OF SOLIDSTATE CIRC-UITS AUGUST 1981 Vol.-SC 
- 16-N04 T.MISA1IIW, J.E.Iwersen "Sinqle Chip Per.Ch 
annel Code With Filters Utilizing I- A Modulatio 
n " p333~p341, 

[0 00 6] mi 9«." l^CI-A^ISg^S^fcl 

so \zv h • D/ASftg^i/ti»s. BiH«:*5«r>x:. x 



(3) 



- 1 3 9 0 6 



(z) UTisZhXlimn. Y (z) ttrv^Jl/Htfjfi 
5. E (z) HttHHR843i*>l/'Cl»a. X (z) . 

y (z) . e (z) tt*n-etizSflft-catt>uri>4. 

ry^JUA^ff^X (z) Wigfliil 1 ©-^A^iaiK: 

SWSJMHB1 3{tA*3*x£„ m^ilSSl 2«fin@S 
Uil^oj 4>#©jIllB#|1fl£W1-£ l*n» f jig 

aa^Htai 5tc«»3ti«-Hksna. c©a^bg 

1 5 omtim^Y ( z ) HE. D/A»ft»18K«|ft3*X0 



Y (z) =X (z) + (1 -z-) E (z) 

[0007] mm. a^Ht^ME ( z ) uAJjimx 

(z) &*ilHr*9. jratttttfc7?9 hr **£ 
[0 00 8] 

[*1] 



(1 - e jwT ) -jioT 



o>T < < 1 



[0009] t&o. ^>^y>ya«E»f. ccit^r 

Kfi-t^ig-C©S/N«9 d B&#3ft.£. 

[0 0 1 0 ] 02 Ott. n^C(n order) I-AS8lg4 
inLTt,>£. £0n&£-A£&8«ii*gl 1 
@SS 1 2 «n&*ai&ttU S^tS 1 5©ffi;rjfi^£ 

1 f n 9 l 6 4ft LTSMWS 1 1 ©flfc&A 

Y (z) =X (z) + (1 -z- 1 ) " E (z) 
[0011] C©n^2-A^s8g%D/A^ftg{Cfi6 

, *2<g{C-r4#«C(i#^r©S/NB3x (2n + 
1 ) dB*#3*i3. 
[0 0 12] 

[*w*»ai^<fc^i-r*fss] C©«fc5K. S-A^ 
•/ g > ^ u - b *±tf £ c i Ki o r AiBtc s/N 

%8k^ia^B. ffl&2 3 1 + >*JU#©D/A£&i§£F , g 
8ff S#g#*.&. t©/c#>. 2-A^SJgfc2ffl^>l! 

^©USSSPH^U P^ridWifeCt*^ 

[0 0 13] C(0»WttJ:EIIUl*IWrt-*fcit>«:<tS 
ftfc*>©-C*<3. ^©gWi-r^iC-^tt. A^fi^* 
#i9t,TlK*)i£t*c £«:«*•). 'J>tjn.mv&3l : Hc<k t )& 

Lff h 7t> * JH - A£f)ag£ * c t -c& s. 
[0014] 

[sjs*»?ifc-r *&«>©#&] c©«w©2-A^sig 
«. ^n-enktr-^ r (ktt3«±©sa&) *>e.&5n 

(n«2«±©g^[) <D<f*?ZM&mpP>\ 
mcWTZAtl^&b. cnXttWlfrhAjdZintc 



20 



30 



40 



50 



t>$tizm*&:mmmft*zmft&8Lb> coma* 
c©a^b*i8*^tii^$n.2.iriBpi*^* 
{cto-cA^snfcwsicn^t^^^so^wrm 

[0015] $fc, 2?-*>*.>l'©7 : > ; 5uHi^t£l ? 

♦>4^#r^i©SKA#-r*A;*7#8£. t©A*>* 

SKSSttSti. A^*g^e.A*3ti/cl?f>*;^ 

<t. c©^i©iiigL^gK:^sn. mi<D-m.^mfr 
h\bjizftmn*m£&z>m\ommwt.b. com 

l ©Sg#&tc«tt;* m 1 ©2S#S*>P)ffl*S4a 

tz&*it*mb> com&^wtb&^i&mmm 

2©^^a«:Jgi&Sft, ^2©«St^g*>6UJ*§ti 

€.m#%s5iLirie»sfs#*m^-r 2 ©jijs^ia 
nsm^^mrieA^^stc «t -ox xti snfciiic 2 ^ + 
s. 

[0 0 16] 3 COlfeWOI-A^MStt. n f 
9 h (n«2«±©SI®) ©^S?*^^* i ® ( i « 
2«±©W!rC. i<n)(C»«U. CO^fiShfc^ 

C©A*#e(Cjti^3^. KlJ&WfrhXtlZtift.m 

fl»t i @a»-rs«»#®i> c©a#^f8tc«*ts 
n. «»*a*6ia*3*isfi#*a : Hfcoatt>fi#* 
^is-rsa^Hb^ai. c©a^ib^g«:g^$tx. a 



[0 0 1 7 1 43ft. A*#Rtt- *ttK#*!3ftfc«8[ 
* * * JKD r ^ £ iHt#*s A* 3 ti h ffift© A*«*r« 

ta*fi#*fW2A**atc J: -3 tA* ^ tifcflwtctift 

Tl»5. 10 
[0018] 

Drji#ocA^-r€>. «»#a»A*#a^6A*3n 

U RCUMMtArs, B*#«w*Hfc#R* 
6ffl*3*i6«#tA**«fcJ:o'CA*StiWW«c 

[0019] *fc. A*#S« i wc^io^n/cn e » 
ho^^;ufi#*LSBffli^6«»K:A*-ra. &ff 
*!8^*#R*ftA*3hfcf !r ^*^(t#*6««m 

iis#a««iF-ft^a^6B*sniB*fi#* i 

^P^^iHSOWafi^^flET*. B#*a««* 
ft*«3&»6B*Sh*B*ft**B*"r&. Lfctfo 

[0020] A*^s*c<fco*n*ti««tr^ 

Hc»«3n3ft^t>*iMt^*«»A*l/, COA 

S^^>^^«CCJitCB*r 40 

*t£K:J:^ *ft^HB*f CCioT:*^ » + 
[0 0 2 1 ] 

[0 0 2 2 ] Hltt. l^i/^JUS-ASEWS^n^ 
*>*;U{bO/c&(D'C£>&o mod.n©*7^>£2 1 
P 7 *(I-9CK 4*9 C<DJl?>Z2 1©B 

**a«^^^^u^*2 2fcsasti'ri^. covji/ 

^^U^1^2 2«, A*i82 2i -2 2„ £WU 8JIB 50 



«fKI¥6- 1 3 90 6 

6 

*9>*2 lfrfcB»3ft*BA«#«cj£Dr, A#S8 
22 a -22 n fc&&3tt*«»tf? KDf^dubA* 
«#Dl^Dn*KKA2rf*. ^^UW2 2© 
B*M8«IW2 3©-*A*ttCca»3nr^S. c 

&mr&n9*<9 9MB&* (z" n ) 2 4©B*iftWfc 
*SftTt>S. C<DS^2 3(DB^S«ijnS®2 5CD 

-*A*««cft*lstin»a. c<D/ra#S2 5(Dfik^A 

*»(Cttn^a» 2 6 CDB*Jfl^fi»3hr 

OS. C©^S2 5©B*»«B}En^a9^jli@SR 
*2 6®A#»fcl£tt34rCl>*. C©W2 5in 
*P 9 *a^* 2 6 KSWS2 3(DB*£m#-f 

#82 9*fltaSLroa. 3<e>cc, tuieijnws2 5cdb 
ANIlttHHbB (Q) 2 7©A**c«»3hrc»6. 

C©*HtB2 7tt, ftWS2 5*>6B*Sti*SI»3 

n/c{i-^^ST-{biB j ec^Ht-rs. ccr, j » i< 

j<2< fc^-MBR?**. C©S^Hb2S2 7<DB*f 
H»«£n *n * ^iBJBR : F2 4©A*»CC«a»3ti4 
<fc<tfc&C 7 r v;l/^^ , U^lf2 8<DA*4StcffiBi3nt 
OS. C<Df r v;b^7 , U^1f2 8 8B^2 8 1 ^2 8 

„ **ru 8utB#9>*2 i©B*(t#«:j£i;r, ST- 

{k»2 7©B*fi#*B*«2 8 1 -2 8 n frfeK&B 

*ts, 

[0 0 2 3 ] S2ti, Bt82n^P!y^»S*^-2 4, 2 

6 *>©r*s. c<Dn?u? zmmm* 

Shfcl^o? *ag@B z " 1 # n <M?«Sa83 *i. * 

p » ^fi#cK«:i£i;"CA*fi^*n zvv zftmm 

& 0 02 8, 115^**88**2 4, 2 6©1 fcf* h 

^*S*^fc©r**K niaccBcti^^^^A 

H»K*i;TaB9«ll3h*. 
[OO24]03tt. «HSlia»S2 5CD»fiE«r^fc© 

ox, ±tiM&3o#ttiim$tix{,*z> m c<D±mn 

S3 0«, WIx.«^4{c^-rJ:^Cc, ^>FHB3 0 
a. gf<ikW^riiI^3 0b, gfffeW^TIiIK3 0 c^c^ 
oT*tt3tVCt>S. ftG»»S2 3 ^»H#S2 5 «b|5J 
a©«flfC*>5. «S-r^/c*cr)A^fi#«20lSSCC 
SQft3nn»«. $H«2 3i«Ati£tlI»(DK 
tt, 3>«C< ifeAAm^©^^ m£3*iTt>S. ±IB 

[0 02 5 ] vj^^U^*2 2«, t)^y$2\frh 

m^timtifm^cx, A*«2 2 t -2 2 n «c 

W»8hSfyWA*«D 1-Dn^Ji^A^-r 

C<Dtt0y*2 lttA*ft#Dn*A*-ra<fc, w 
VA*fi#D14A*"ra. C©IM¥^*'>>*2 1© 
B*«*K(6DTlia3ti4. 
[0 02 6 ] f7Jl/f7'un2 8li, frlB^7^>^2 

i©B*ccj£i;r. 7W^u^t2 2 iBlJWurttffi 
ra 0 "Tfttofe, v;U^^U^^2 2^A*«2 2 i *» 



7 

[0 0 2 7 ] C©«K n*n?*jI®3R*2 4©HtfJ 
tt. -rttto*. n*o?*i»©fi^iK:o^T: 

2 6 <h fagg 2 5 i Ct<J: o T 8tJ&2 *l£S#8 2 9 © 
miim ( x ' ) i> 1 SRBiKD®^ i £?©S#*£3l<t 

fi£*©l * + >*JUI-AgMS8K:n*G 

[0 0 2 8 ] fi£*<Dl * + >*JU©I-AX8i8ttl * 
U **WOn^ + >*;U2-ASHStt. H5«:^f 

i±<PDXf-FtMIt^, n©«#ffi*Sfc:*#< 

c©«w©»2©^ofiw*^'r*>©r*o, c© 

[0 0 2 9 ] X-ASEaSCcafflOfe«**f fc©T* 

£ 0 ccr. mtt2K±©8Bftr*>*. c©sas«tt« 
#82 9 «mflKM«MLA:e(Wa 1 iHM*Kr* 

*. u^ot, a i tm-^ftam-^ztt?. 

06lCtel>T\ n^u **2HKfrF- (z" n ) 2 4 <b£« 

»3 1CC«flHRal. a2^am*W£3tlTC>ft. 3 
e>CC. HUIBv;l,^7 , U^1f2 2<b^Lg2 3©tBi:P^tC 

»niS85 o *siku cvmnms o £ngsi^s2 9 

h/c«»g5 1 t*h*tia*lurfcJ:ir>. c©»St«: 
& a C©^)S0iJ©i££4>, l«0»6ti<B«Knd» 

3^«rjiflcn«cn9rrft. Em*. c©»»4jB(r>fc2* 

[0 0 3 0 ] Z?U*Xfimmi* Lttit«C16e? 

*2 l«C<kotlWP3na7;I/f^l/^2 2*Cj:oT 
JttXArtSti*. C©^U*:/U*tJ-2 2ttSW82 3 
a KU8« Stress. C©«»82 3 att2 2 fc>; M» 
$r&& 0 C©^82 3 a«2*D (z 
- 2 ) 2 6 accgjftsnrt^. C©2^a^^aBBRT- 
2 6 atti6^Jffift3ft/c2ffl©D*.f :/7 'J y?7*v 



(5) «ffil¥6 - 1 3 9 0 6 

8 

^018^2 2^9 h»^J««stirt^. c©2^a 

9 2 6 a (2AB»2 5 KffllSnrc^, C 

<0mW&2 5B2 3 HKiShW*. C©JJ0H 
82 5i*^fft«2 7©fflSIHCCB»^©hT9 htt£M 
HT&U 5 **4 0#K#£*iT(,>£. f7^7*l/^ 
*2 8tt2ffl©l FD^-Y^7»; ?^7D^B 

mtw^zz i©tH^^<j:or$ijffli5nSo mries^ 

{W2 7©A*«ia*»©fflSIH«CI«fW2 3 b# 
10 8»Stirir>S. j*»82 3btt2 2tv FflteSr* 
So C©^#82 3b©tH^J2^n^^3i^ J f 
(z- 2 ) 2 6 b«C**Stin^. C©2*P**2Hi 
2 6 b tM}|ffiia*^ 2 3 a <b [iI-t8J&*C& £ 0 C 
©2 tPU 9 *iBBR* 2 6 b &OTiBADfit82 5©fflEH 
cctt**aK4 l«^ntl^ e C©S^IslK4 1 
i*2 *n * *«fflR*2 6 b*6UASnSffl*(i#* 
1 t? h^>7 hL"C2fSTSo 
[0 03 1 ] H7fc7ft*f 2* + >*^2-A£»gtt % 
H6kl7ft"r@IS*m= 2, n=2tlti8^1-2^ 
20 + >*JU2-A£MSK:Sei5U C©H8CC^-rigK* 
S9 7bMS l 2tC^-TJ: ; 5CCjlIi^^L/^4>©r^)So 
B8 71SB1 2fc*rt>T» 06, 07£|3l— ffiftKttfl 
-43Wt*f-T. 2tc*jC>r, 07K^T* 

■Jr>*2 ltt*Bl/Clr»*. C ©J: 5 
£0, *&t>Htt*T-KJ:'K 2^ + >*;ux-A^li 
8£ti$;T££ 0 B8 7bMBl 2 KS-rHBB^ar* 

Y (z) =X (z) + ( I - z " l ) 2 E (z) 

S6. hi 2ccs-i-0Btt*sr*stia. 

30 Y (z) =X (z) (z- 1 ) + (1 -z" 1 ) 1 E (z) 
[0 0 3 2 ] BBK^THBKCfclvt. *>^y>^« 
'fflf s=44. 1 kHz©yy*iWt#t 1 9 2^- 

CKtt3 84 f s=16. 9MHz, l/2fD^<| 

[0 03 3 ] 8. 4 5MHzift4. C©H«»«, ^ 
B©CMOS - LSI -C*n«+»«ffE-r-5. C©^>^' 
v^l/^SmSifflc^SCiCCcfcO, S/N^100d 
B£Lb©KttK lVvb D/A&&m®J&?Z Ctifi 
40 r£6o 

[0 0 3 4 ] m 1 3tt, H7rflS(,»SD*-T^ »; 
7av^llB©^{tW«:^-rfc©r*a 0 013 (a) 
CC^Tcfc^tC, C<DD$^7'J y/7n*>7*[5|K4 2 
tt. 21i©^P»^F • 4>rt~Z±$*mmffl8iLtc 
^tS^^S-CM, ^D^K-/>A-^43« 
013 (b) K7jVr£5K:, 4l©MOSh7>^* 

h • ^>^*-^^1»RSrS/c»E)K:«, 8<@©MOS 

50 [0 0 3 5 ] «8l82 3a, 23b, JJDHS2 5 B, 0 



(6) 

9 

3. H4CcS-r«tejr*0, KHB3 0att4ffl© 

mos bJ^itzztcjiixmi&zti. mmtsymK 

3 0 b, J»fftW*rH»3 0ctt**l*tll0ffl©MO 

IV y h ©±fll]g3£tt 2 4 <I©MOS h7>2/X*#!& 

*2 8«1 b*? h^D 8<I©MOS h5>y**JWW 

$/&3tl/c#^>£2 lte8<I©MOS h7>^X^ 
!e*4*c*. ftltlSB4 lttfcf* h5/7 h©# 10 

TfoZlctb. MOS ^>^**tt*fi-C*9 k 'J5f 

-9rHU«*r*/c», MOS h7>^**tt*fi-C*a. 

%©J:9fC&«. 
(8X16) + (24X22) 4- (8x2x22) + 
(24X23) + (24X22) + (8x2x22) + 
(8X2) +8=2464 

C*UC*tL-C l* + >*;l/Z-A£Bg*2fflfflOT 

2? + >*ji^t«iar4fc»ec 4 e*ft* : f »tt»©<fc 20 

(2 4X2 2+8X2 2+24X2 3+24X2 2+8 
X22) x2=39202464/3920=0, 62 
8 

[0 0 3 6 ] C©lft>*iH-A«Bft B7CC 
nrf #£>#2 1 , v;U^y*U>7if 2 2, fv;^7'U 
*-y-2 8£l&£, 2*P**«EBB*1 ^Civ^ilS 

[0 03 7 ] CCEUfc^t. C©2feW£3fflOfc2* + > 
^JUX-A^HStOSR^ttB, 1 * + >*;UZ-A£W 30 
8£ 2 <I<$ffl 0 /cfcg£© 6 0 %WSL 4 ft a C 4 . 

ft*. 

Jl/S-AStKBtw-rtO-C**. CO£-AgE»StC 
BS^nb''; h (ntt2«±©fflR) ©A#ff^ 
ifl ( itt2«±(MBtt'C*0 1 i<n)K#f!l£ 
m«n = 3 2e-;h t i =4©Jf£, C©#id 

a, 

[0 03 9 ] mod.n ©#^>*6 ll^D?^fi#CK 
**$>h-ra. C©*$>*6 lKtt#£>*6 1© 

a o C©*7»^>*6 KDW^«v;I/^^Ud?^6 2{C 
ttKShTHfi. CCDv;l/^7'U^^6 2«, A*^6 
2, -6 2, tWOrOS, Cti6A*»6 2 1 -6 2 
, KB, WeiflCC«tt3tiA:ffiR^?hOAAff^D 

, -d, A^-en-etiA^snao c©-^*-^*^ 

2ttii9E**5>*6 l^6ffl*Snsffl*fi#Ccj£D so 
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t t A**S6 2, -6 2, ^Sn/cA^ft-^D, -D 
, 4LSBM (D 1 ) *»6MSBBJ (D i ) CC»XA^ 
fa. 

[0 04 0] mavjb*:7U*1f6 2©ffi#«CCttmffi 
©«J?g6 3 4, mf@©S#86 9#^fcffl«Si*3 

§M@S6 3(D-*A*aa«frsoa»g6 9©tttfrtn 
#mte4vc(r>«. £**»6 3 ©»#**««:«. * 

i^n^jHHW- (z- 1 ) 64«B*«3M«3hr 
t>«. Sufa&S#iS6 5 4 i *p * 

SR^6 6 4r»SE3tin*a. *BD»S6 5©— 
»ttlfa©J(»86 3©W*ia«:SSKSti. SttWStt 

§ i 9 6©tH*ja«#j!ia#«6 5©ffe 

*A*Hfcfl»s*vT:i>a. HirfB&^s§6 3fc<£tf£ 
jnm^6 5 wima^n- y 7 o©uafi##«*&s 

[004 1] m#a©JnJ¥g6 5©W*i8tt*Hfc» 
(Q) B7©A*»«caa*8tir^*. COKFU6 

ibffijots^fcTao ccr, j«i<j<2 K *si/c 
■rasrcaa. cca^Htse 7©m*s«BJiBn 

**jK*T-6 4©A^fc«*fc3*i*4 4t>tc, x*f 
ttSJ5Bf r 3-y7 0om*fi#«:jj;or, S^{bg6 7, 

[0 042 ] HI 5tt. 8J8BlniffSB5(7>«lfiS*^-rt 

©-e&ao c(Djn@86 5(iH3cc^-r»n#84CitfiD 

C ©fllilSi 6 5 tt<l>4 < 4 1 n / i <i©£»nmg 30* 

■M«il3*rcos. *LLa©±ini*83 0©*+y-- 

ffl*iB/Co fcttl *n**«HR* (Z" 1 ) 7 1 ©A 
A«8*«J»3n, C©1 ^P^^aHBRT- 7 l©ffi;tj3g 
BX-f ^^72©-*A*«7 2 1 CC«Stt3*i-CC»a. 
C©^-r 9^7 2©(ft*A*«7 2, CCtt^^U^Jl/ffl 

#H*«t&sn, «^S7 2 3 «STS©^un#S3 o 
©**y-A*ta/ci «c««3hr^a. c©x^ »> 

f72 teitulBr a - jr 7 0 ©fcHftfi-^tcfc o r MfB 3 ti 

a a -rftbft, c©^-/9^7 2«i<itc»sj3n/cA 
*«#© ^ % l s b **tfA**#*awr a w^© 

*, ttl^iS7 2 3 3&Jft*A*«7 2, CC«»3ti fc *© 
f6©A*M#*iSWTaii^, WA4B7 2, #-*A* 

(t#*amt"ra»A, fira©^»i#83 o ©* ♦ y - 

A^S8/Ci «ctt/Wu^;mw*te3h, *©»© 
A*fi^*SWT a»&, l -^«r©»Mt«c*jc»r l ^ p 
^^ii^^7 l«cffRfSnfce#*«»Ta©*llDlHI 
3 0©*+y-A#M/Ci «:m*&3fia„ 
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[0 04 3] 89E±jJD»83 0«\ H4CC7rrrilB<tl5l 
*fc. BuIS«#g6 3 bll(]J«6 5 <hjU-(D 

i ^0 7^888*^6 4. -6 6tt 

imonz-izfy v v -iv a y ^hbkj: tanks 
i *D3r*«B*T-7 ittii©D*-f^y >^ 

[ o o 4 4 ] m 1 6 tt % 3 6 V v boAijtmzamt 10 

S«£3|W>2-Affli8*^-r«>or**. X888 1 tt 
3 6fcT? htittic. ttJ#g83«37b*^h»a 
8 6ii3 6t'7F«£ 1 8 7 

tt3 6tf? h«fire*5. AJ888 3. i£*88 1. 8 
6 tt + * 'J 1^7 JiBB**** 0 
Tt,>fc<,». mffE»Dg88 3 <t*Hfc88 5©lfflfcM:'; S 
v4f8 43WRtf6tir^i. 1 ^D-v^iiJi^8 7cb 

Jungs 3<Dmi<az. fmmKssifiim^tix^i. 

COmn®$&8 8 tt 1 *n * 7 (Officii # 

*i hf? hbr2<&«. 20 

[ 0 0 4 5 ] 0 1 7 « v 016 CC^riel&g<h±< IWJ-CD 

ute^w-r c omnom a ommmzm? &<dx & 
si 7*5t>T, si * tm- j swHaxm-nm:ti* m 

C©JHM«C;tal>T, 3 6b*7 KDA^ff-^^l/2 K# 
WSft-COS. v;l^7*U^6 20A^S86 2, Ktt 
±{41 6 try h©A*®##«te3ft. A**B6 2, ic 
WTttl 6 tr* hOA*«*JHft»Sti*. 
B6 3tt*h«i2 2tf5r h«ML i)[MS6 5«:2 3tf 
fUSi, 2^P-^lg^8 9, 9 0tt*ft*ti2 30 
2f^«ffitMo »»»8 5i«^Hb86 7©|IBCC 
tt»JS7*9 l*«W6h. 2*n?*iIIBIH i 9 0 4: 
Jffl»S6 SOHKtt. *ff@B9 2^8SKStirt^. 
CC0^#liIK9 2\Z2 9Uv 2M?m*9 0<D&J]fm 

^>£6 itc«f r n-y7 0«SM$nrc^j:^o $H 

g6 3, to^6 5KKW6ftfc;M**7 2tt*7'>> 
£6 10U*fi-^(cJ:or»JfBI3tia. huE 'J5 9^9 

»un»s»*cE)*ttf¥snft. hi ete^riaBcctt 40 

(24X36) + (8X36) + (24X37) + (2 
4X3 6) + (8X3 6) = 3 1 9 2 

[0 04 6] CftfcttLT, 01 7CC^-f0Bk:ttfflS 
tiSHBS^tiEiBlttKc^abfcJid. *©J:5*c 

^Kj^TflteESJi. #^>£6 ittiH©D*-f ^7 

y^^ayyilB^iiorlllJiEStiSfc*, 8«Dh 

5 s. so 
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(24X2 2 + 8 + 8) + (8X22X2) + (24X 
23+8 + 8) + (24X22 + 8+8) + (8X22 
X2) =2360 

016*017 ©Htt** »*Jt«0fc*£. 
23 60/3 1 92 = 0. 739 

[0047] i^o, cosaswcfei^-cttfla-rssB 
W*itc4. *fc. c®30fcW©»£. bb#f*** 
#itfcJ§^ 2 2tf» h/3 6tr? h = 0. 6 1 <k& 

[ o o 4 8 ] 0 1 8 «\ c©aiB©*5©je»w*^"r 
kcDr&o, hi 4iia-a»ccttH-fj#*(*-r. c 

©jSSMflCCfc^T, m*lr>*iK3!)A*fi#C 1 , C2 
^Cm{«n-etinfflC!)A^#D 1 1, D12-D1 
n v D21, D22^D2n^Dml t Dm2^Dran 

2„, 6 2 11 -6 2„«:tt»SI3hfcA*®#D 1 1, 
D 1 2^Dmn^n*hA*StiS. v;U^^U^* 
6 2tt#^>*6 l©Ui*tt#«:j£i;r, A*«6 

>*;KDA*fi^«L S BM*>6MS BffjCCd^A 
#2ft£o ^©^6 3*5J:a^gt^6 5^mc^ 

4, 6 6tt, ^fi^KUSDrA^Sti/tfi-^* i 

9Vv 9 CCr, i=nx m r*^>o 

;U^^U^1f9 2»a*J89 2 1 . 9 2 2 -9 2. 4W 
LTl>£. CCD-fvjU^^U^If 9 2«f : r2-y7 00 
ffi^ft-^CCEBDr, ffl**9 2 1 , 9 2, -9 2 B 4H 
>*;KC»j£Urffl*«^0 1. 0 2 
-Om^BM^ C©JgJS«CC<fcn«, HBJR^feJ: 

[0049]^ C©«W«, ±fB*ttWCCKS$nS 
fc©r«&< 1 W^tfiBSR^, Jam 

ommmf&zmmxzz. 

[0 05 0 ] 

tf, A*«#ftiJ«l/ra0iitfC4«:J:0 % iO&^S 
B*-fK<t») JHS#*>*^^ Hl#*«BIf 

>*JH £Z - A£*S*SVTHBH. 



(8) 
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[0 2 ) nfUy >?mMM*<D— m*7fi?®9&Mo 
[03] in»0-«*SffflSH. 

[05] Hl©ftft*5*r*-f h 

[0 6] C<D^BjoJg2©jyfeW^-rfe©r&0, n 

[07] C©»!84fflOfc2^t>*^' 

[08] H6«:^'rilI8^e>H7«cS-riiB*f#ate» 

[^9] &8tcm<XBvmz7ik?®wiR. 
m i o ] 09 k«< a»ag*^rHBH. 
[hi 1 1 hi oicK<eKietwiiRni. 

[H 1 2 ] H l l KUKSJgagt^-rHBH. 
[01 3] HI 3 (a) li^D^F • 
o/cl^P-; *SHUfrM>— W*fiVfHBH, 0 1 3 



14 



10 



: (b) tt^D» 2 F • -f>'*-**SVfHBH. 
[014] C©«M©*3fl!^8»«Sr«T0BH. 

[0 1 5 ] 0 1 4cc7ft-riin»s©»)i£*^-r@BH. 

[016] «£*©I-AS:B»«r*-rHBH. 
[017] COXfHOJ|4<D|Okffl«r^'rHBH. 
[018] C©«W©»5©^»W*^'r@BH. 
[01 9] + liStZ-AmUKD— 

[02 0] fifcfcCDl * + >*;b • m&E-AaSBS©- 

2 1, 6 1 2 2, 6 2- »7j^^Uir* t 

23, 6 3 -KIH. 24, 2 6, 64, 6 
^iHBR^, 2 7, B7-*HIA 2 8, 9 2-fv 
2 9, 6 9 
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